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The oak canopy and oak litter may give some protection from raindrop 
impact, yield increased soil organic matter, and provide for a more 
porous soil structure. Photo by David Cavagnaro. 

Findings on impact of management activities on forest and range soils 

The impact of management activities on forest and range soils varies by the site and the management 
practice, both past and present. Fragile, upland range soils will be very different from deeper soils in 
different locations. Shallow forest soils that come 
from granitics on south-facing slopes will be much 
less tolerant of disturbance than gentle slopes that 
have developed from marine sediments (Boyle, 
2000). 

Rangeland soil impacts  

There is no current statewide survey of the 
condition of range soils in California. See the 
Assessment document Rangeland Area and 
Condition for more information. The most 
significant potential impact of ranching on 
rangeland soils comes from intense grazing. The 
ability of rangeland soil to hold water is affected 
by its porosity (George and Menke, 1996). Heavy grazing may lower bulk density through trampling and 
less residue leading to lower soil organic matter. There may also be less root and shoot production that 
can turn into organic matter. Raindrops on bare soil tend to seal the soil surface, reduce water infiltration, 
and increase runoff (George and Menke, 1996). 

Researchers and managers have noted in a number of cases that livestock-free rangelands have 
surface soils that are more friable and more resilient. Other studies also have compared bulk density of 
rangeland soils that are grazed with those that have not been grazed. Results of the studies indicate that 
the oak canopy and oak litter may give some protection from raindrop impact, yield increased soil organic 
matter, and provide for a more porous soil structure (George and Menke, 1996). 

Range managers today are aware of the potential impact of intensive grazing on soils and usually 
follow practices that avoid this situation. For example, see Range and Pasture Leaflets distributed by 
University of California Division of Natural Resources. With regard to grazing impacts, most range 
management depends on monitoring the condition of rangeland browse vegetation and distributing 
animals accordingly. Animal distribution can be controlled by such things as placement of nutrient 
blocks, water developments, and control of access to watering locations (Howery et al., 2001).  

As appropriate, the condition of range soils and related sedimentation are dealt with on private lands 
by the California Rangeland Water Quality Management Plan (CRWQMP) and by monitoring of grazing 
allotments on federal lands (Institutional Framework: Governance Shifts in the 1990s). For example, the 
CRWQMP delineates prescribed grazing practices as including controlling season, intensity, frequency 
and distribution of grazing. Among the goals to be achieved by these practices is to reduce accelerated 
soil erosion and maintain or improve soil condition (BLM, 1997b). See the online document Rangeland 
health standards and guidelines for livestock grazing: Northeastern California and Northwestern Nevada 
(Appendix C) for more information. 

http://www.frap.cdf.ca.gov/assessment2003/Chapter2_Area/rangelandarea.html
http://www.frap.cdf.ca.gov/assessment2003/Chapter2_Area/rangelandarea.html
http://agronomy.ucdavis.edu/CALRNG/leaflets.htm
http://www.frap.cdf.ca.gov/assessment2003/Chapter7_Governance/institutional.html
http://www.ca.blm.gov/caso/sg_7-00.html
http://www.ca.blm.gov/caso/sg_7-00.html
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Forest soil impacts 

In the case of forest soils, most studies and monitoring efforts have focused on actual or potential 
erosion. The factors often associated with erosion on forestlands are slope steepness, weak bedrock, high 
groundwater, lack of soil cohesion, and the ability to move water horizontally (McKittrick, 1994). Other 
factors, such as changes in vegetation, rainfall duration, and rain-on-snow events can have a significant 
impact but are much more time related. 

A number of studies have indicated that most human-caused erosion occurring on lands logged 
before the 1970s came from gullies created by diverted streams and road building on steep hillsides 
(California Forest Products Commission, 1999). On private lands, impacts like these were dealt with by a 
variety of new Forest Practice Rules (FPRs) including:  

• classification of streams by biologic and physical features and relating protections to these 
categories;  

• use of Erosion Hazard Rating (EHRs), with site-specific elements of weather, slope, and soil 
determinations, has substantially reduced erosion problems;  

• required maintenance of erosion control structures for at least three years following harvest;  
• more stringent road design specifications including planning for 50-year flood events; and  
• more focus on cumulative watershed effects (Gasser, 2002). 

Historically, monitoring the impact of forestry practices on soil in California has been driven by the 
desire to protect water quality from sedimentation. Erosion from forest roads can be a persistent source of 
sediment in a watershed. Road networks are often extensive and difficult to maintain. Recent studies 
suggest that the connectivity of roads to stream channels increases sediment delivery and affects runoff 
processes. With forest roads, the highest erosion rates tended to be associated with the initial road 
construction period overlapping with major storms. However, a high incidence of landslides (mass 
wasting) is also correlated with steep slopes, unstable soils, and road location and design. Controlling 
road drainage and avoiding construction of roads are shown to prevent fill failures and major debris 
torrents. Less erosion is observed with improved road design and location as well as roadside erosion 
control practices.  

Other erosion control practices associated with timber harvesting have also improved. Monitoring 
results from the mid-1990s regarding both the implementation and effectiveness of forest practice rules on 
hillslopes show a high level of both effectiveness and implementation (BOF, 2002). 
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Observations of erosion on roads. Photo 
courtesy of CDF. 

History of Monitoring Study Group and hillslope monitoring on non-federal timberland: After the 
passage in 1983 of amendments to the FPRs that specified protection based on the beneficial uses of water 
present, the State Water Resources Control Board (SWRCB) conditionally certified the FPRs and Review 
Process as meeting Best Management Practice (BMP) standards for Section 208 of the Clean Water Act 
(CWA). As part of this certification, the SWRCB required that a monitoring and assessment program be 
implemented. To meet this requirement a one-year qualitative assessment of forest practices was undertaken 
in 1986 by a team of four resource professionals. The team reviewed 100 Timber Harvesting Plans (THPs) 
from across the State and produced a document that came to be known as the “208 Report.” The team found 
that the Rules generally were effective when properly implemented on terrain that was not too sensitive. They 
also found that poor rule implementation was the most common cause of observed water quality impacts. 

Based largely on the 208 Report, CDF, BOF, and the SWRCB entered into a Management Agency Agreement 
(MAA) in 1988 that required BOF to improve forest practice regulations for better protection of water quality. 
Subject to several additional tasks, the SWRCB then approved certification of the FPRs and Review Process 
as meeting BMP standards for Section 208 of the CWA. The U.S. Environmental Protection Agency, which 
had final approval of the certification, did not agree. Rather it withheld certification until the conditions of the 
MAA were satisfied, one of which implemented a long-term monitoring program to determine the effectiveness 
of the FPRs and Review Process in protecting water quality. 

In response, BOF established a Monitoring Study Group (MSG) to determine the effectiveness of the FPRs in 
protecting water quality. Between 1991 and 1996, the MSG developed hillslope monitoring protocols, 
comprised of a list of 1,300 separate items related to protection of water quality. These items included plan 
development, a review process, and field application requirements. A significant portion of the review 
examined how the rules dealt with the movement of soil and sediment through control of road building, skid 
trails, operations on sensitive areas, retention of cover, and many other things (BOF, 1999). These protocols 
have subsequently been reviewed and revised. 

 

Between 1996 and 2001, 300 THPs were evaluated. Of these, 295 
were regular THPs and five were Notice of Timber Operations under 
Non-Industrial Timber Management Plans (NTMPs) (BOF, 2002). 
About 60 percent of the plans were on large land holdings. About 60 
percent of all plans were in the Coast Forest Practice District. For each 
plan, a review was made of roads, skid trails, landings, watercourse 
crossings, and watercourse protection zones. Results indicate a high 
percentage of proper implementation for FPRs related to water quality. 
When properly implemented, individual practices required by the rules 
are highly effective at preventing hillslope erosion. Overall, 
implementation ratings exceeded 90 percent for landings as well as for 
road, skid trail, and watercourse protection zone transects (areas where 
measures were taken). Watercourse crossing implementation was less, 
at an 86 percent rate (BOF, 2002).  

Erosion problems on landing surfaces, cut slopes, and fill slopes 
were uncommon. Rill and gully erosion showed up much less 
frequently than on road transects, where erosion is still an issue. According to BOF, nearly half of the 
road transects had at least one rill present and about 25 percent had at least one gully. About 13 percent of 
the rills and almost 25 percent of the gullies showed movement of sediment into the high flow channel of 
a watercourse (BOF, 2002). Erosion on road transects was found due to improper design, construction, 
and maintenance of drainage structures (BOF, 2002). 
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The Monitoring Study Group identified large erosion 
events as significant causes of erosion. In 250 THP and 
NTMP projects, 50 large erosion events were identified 
(BOF, 2002). These events included sites with 100 cubic 
yards or more on hillslopes, and 10 cubic yards or more at 
failed watercourse crossings. These events were seen on 
15 percent of the THPs. Furthermore, nine plans had 
multiple events. Of these, 39 events were related to current 
timber management activities. Most of the large erosion 
events were related to roads.  

The most frequent causes associated with large 
erosion events were the following: 1) cutbanks with slope support removed; 2) culverts with the inlet 
plugged; 3) fill slopes with overloaded, deep sidecast; 4) fill slopes with poorly compacted material; and 
5) surface water concentration.  

Nearly all the shallow debris slides described were found in the Coast Forest Practice District, as 
well as half of the deep-seated rotational failures. The actual frequency of catastrophic crossing failures 
recorded is much higher in inland districts. This is largely due to the very large tropical storm (100+ year 
in many Sierra watersheds) that rained on a heavy snow pack in the Sierra in January 1997, causing large 
volumes of water to flow and overwhelming erosion and drainage control measures (BOF, 2002). 

The impact of large erosion events does show that certain places in California can expect such 
events, especially under intense rainfall or rainfall on snow conditions. This indicates that road and 
crossing design and construction are critical as preventive measures. Landslides can be active or dormant 
and can vary in type. In general, management practices have avoided areas where landslides are a 
potential problem, keeping activities and water off such areas, and minimizing ground disturbance (DOC, 
1999). 

Forest management practices on national forest lands were  certified as providing Best Management 
Plans (BMPs) during the 1980s. Monitoring the effectiveness of these measures has focused on measures 
such as erosion control and site disturbance. The USFS has conducted a hillslope monitoring program that 
has focused on both implementation and effectiveness of practices since 1992. Data has been summarized 
through 2001. Implementation of BMPs has risen from about 80 percent in 1992 to about 90 percent in 
2001. Effectiveness of BMPs as implemented has risen from about 70 percent in 1992 to about 80 percent 
in 2001 (Stabb, 2002). 

Since 1999, research was also conducted on both the Eldorado National Forest and Sierra Pacific 
Industries land in the central Sierra Nevada to quantify natural and man-caused hillslope erosion rates 
related to cumulative impacts. Results to date show that native surface roads are the main man caused  
source of sediment. High severity wildfires and areas used for off-road vehicles have also shown high 
rates of sediment production. Recently graded native surface roads produced more sediment than roads 
not graded, with the majority of sediment coming from a few road segments (MacDonald and Coe, 2001; 
Coe and MacDonald, 2002). See Assessment Chapter on Watershed Quality and Assessment for more 
discussion of cumulative effects. 

Monitoring Study Group field team discussing observations. 
Photo by CDF. 

http://www.frap.cdf.ca.gov/assessment2003/Chapter4_Soil_and_Water/watershedquality.html
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Some analysis of concerns related to forest and range soils at the watershed level has been done in 
Southern California (USFS, 1999). At the watershed level, perhaps the most significant impacts on soils 
come from very large wildfires in chaparral-dominated habitats. There have been a number of large fires 
over the last few decades, especially in the Los Padres National Forest. These fires have a tendency to 
cause high amounts of erosion and stream siltation (USFS, 1999). Recreational activities are also a source 
of concern, especially the increased flow of sediment into streams from unpaved roads (USFS, 1999). At 
the watershed-scale level on the Los Padres, Los Angeles, Cleveland, and San Bernardino national forests 
in southern California, the U.S. Forest Service found that many drainages that have the smallest 
percentage of land that falls within 250 acres of an active road have high potential for maintaining aquatic 
ecological integrity (USFS, 1999).  

Concluding observations 

During the 1990s, there was increased understanding of the importance of forest and rangeland soils 
as part of ecosystem dynamics. With little known about sustaining the long run productivity of forest and 
rangeland soils in California, it is hard to assess the status of forest and rangeland soils. Numerous 
research efforts are now underway to investigate factors related to long run soil productivity, the 
importance of soil microorganisms, and the kinds of management practices that can maintain soil fertility. 
Given this, the Assessment has attempted to describe the importance of forest and range soils, the status 
of mapping and related information, major types of damage to soil resources, typical causes of this 
damage, and how management responds.  

Forest and rangeland soils in California are highly varied. The factors that affect their productivity 
can be very site specific. For the most part, forest and range soils are mapped, though the currency and 
accuracy differs. Similarly, the susceptibility of soils to damage changes from site to site and soil to soil. 
The most commonly noted soil damage comes from erosion, litter loss, and compaction. Other damage 
can come from alterations of a soil’s chemical or physical properties. 

Reasons for damage to soil can be natural events such as wildfire or human causes such as 
disturbance by heavy equipment. Historically, wildfire has raised significant public concern because of 
the fear of downstream flooding in subsequent intense rainfall on disturbed slopes. In recent years, there 
has also been concern about the downstream impacts of sediment coming from upstream land use 
activities. As a result, both post-fire restoration and management practices by forest and rangeland 
managers have tried to minimize erosion, litter loss, and compaction. Monitoring programs are in place on 
both private and public lands that review both the implementation and effectiveness of practices to 
prevent degradation of water quality, including efforts designed to prevent erosion. Results so far suggest 
high percentage rates of success in both implementation and effectiveness of these practices on 
forestlands. Practices to lessen soil erosion and sedimentation are also important following wildfire, 
especially near urban areas. 

Glossary 
animal unit month: The amount of forage needed by an “animal unit” (AU) grazing for one month. The 
animal unit in turn is defined as one mature 1,000-pound cow and calf. 
anthropogenic: Caused by humans. 



CHAPTER 4. SOIL AND WATER 
Protection of Soil 

OC T O B E R  2003 

The Changing California 
Forest and Range 2003 Assessment 

28

biota: Having to do with living things. Something that is caused by or produced by living things. Having 
to do with the biological aspects of an environment (as opposed to geological, etc. aspects). 
BLM: U.S. Bureau of Land Management. 
BMP: Best Management Practice. 
BOF: California State Board of Forestry and Fire Protection. 
CDF: California Department of Forestry and Fire Protection. 
CGS: California Geological Survey. 
colluvial: A loose deposit of rock debris accumulated through the action of gravity at the base of a cliff or 
slope. 
cryptogamic: Relating to a member of a formerly recognized taxonomic group that included all seedless 
plants and plantlike organisms, such as mosses, algae, ferns, and fungi. 
cumulative impacts: Cumulative impacts may occur when the following events take place: 1) multiple 
impacts transpire at different locations in a larger area such as a watershed or an airshed; or 2) as a result 
of sequential activities on the same site if impacts of past actions persist (such as repeated soil compaction 
on the same site. The impacts are greater than the impact of a single action at any location at any point in 
time. In most cases, they result from multiple activities in a larger area and persist in time. 
CWA: Clean Water Act. 
DOC: California Department of Conservation. 
EHR: Erosion hazard rating. 
ESI: Ecological Site Inventory. 
ESIS: Ecological Site Information System. 
FLMMP: California Farmland Mapping and Monitoring Program. 
fluvial: Of, relating to, or inhabiting a river or stream. 
FPR: Forest Practice Rule. 
grazing capacity: Maximum stocking rate possible without damage to vegetation or related resources. 
geomorphology: Comprises the classification, description, nature, origin, and development of present 
landforms. 
gully: A deep ditch or channel cut in the earth by running water after a prolonged downpour. 
gullying:  The creation of gullies. 
humus: leaves and litter that have begun to decompose. 
lithology: The description of rocks based on physical characteristics such as their origin, composition, 
and texture. 
litter: the uppermost layer of the forest floor consisting chiefly of fallen leaves and other decaying 
organic matter. 
microphytic: Referring to a plant of microscopic size. 
MSG: Monitoring Study Group. 
NCWAP: North Coast Watershed Assessment Program. 
NRCS: U.S. Natural Resources Conservation Service. 
NTMP: Non-Industrial Timber Management Plan. 
Planning belt: A geographic aggregation of life forms (conifer, shrub etc) grouped based on their 
expected response to wildfire.  



CHAPTER 4. SOIL AND WATER 
Protection of Soil 

OC T O B E R  2003 

The Changing California 
Forest and Range 2003 Assessment 

29

RCD: resource conservation district. 
RDM: See residual dry matter. 
residual dry matter: The amount of dry plant material left on the ground from the previous year’s 
growth. 
rhizosphere: The soil zone that surrounds and is influenced by the roots of plants. 
rill: A very small brook; a streamlet. 
rilling: The creation of rills. 
SSURGO: Soil Survey Geographic. 
STATSGO: State Soil Geographic. 
SWRCB: California State Water Resources Control Board. 
Timberland Production Zone: A statutory designation for lands assessed for taxes based on growing 
and harvesting timber as the highest and best use of the land. 
THP: Timber Harvesting Plan. 
TPZ: See Timberland Production Zone. 
tractor yarding: The use of tractors for movement of logs to a central location for loading onto log 
trucks. 
USFS: U.S. Forest Service. 
USGS: U.S. Geological Survey. 
USLE: Universal Soil Loss Equation. 
WEPP: Water Erosion Prediction Project. 
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